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SUBJECT: 


Dam  Phase  I  Inspection  Report 


This  report  presents  the  results  of  field  inspection  and  evaluation  of 
the  Kehr's  Mill  Trail  Upper  Dam  (MO  11636). 

It  was  prepared  under  the  National  Program  of  Inspection  of  Non-Federal 
Dams . 

This  dam  has  been  classified  as  unsafe,  non-emergency  by  the  St.  Louis 
District  as  a  result  of  the  application  of  the  following  criteria: 

a.  Spillway  will  not  pass  50  percent  of  the  Probable  Maximum 
Flood  without  overtopping  the  dam. 

b.  Overtop jing  of  the  dam  could  result  in  failure  of  the  dam. 

c.  Dam  failure  significantly  increases  the  hazard  to  loss  of  life 
downstream. 
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Name  of  Dam 
State  Located 
County  Located 
Stream 

Date  of  Inspection 


Kehr's  Mill  Trail  Upper  Dam 
Missouri 

St.  Louis  County 
Tributary  of  Caulks  Creek 
18  November  1980 


Kehr's  Mill  Trail  Upper  Dam  was  inspected  by  a  team  of  engineers 
from  Black  &  Veatch,  Consulting  Engineers  for  the  St.  Louis  District, 
Corps  of  Engineers.  The  purpose  of  the  inspection  was  to  make  an  assess 
ment  of  the  general  condition  of  the  dam  with  respect  to  safety,  based 
upon  available  data  and  visual  inspection,  in  order  to  determine  if  the 
dam  poses  hazards  to  human  life  or  property. 

The  guidelines  used  in  the  assessment  were  furnished  by  the  Depart¬ 
ment  of  the  Army,  Office  of  the  Chief  of  Engineers  and  were  developed 
with  the  help  of  several  Federal  and  state  agencies,  professional  engi¬ 
neering  organizations,  and  private  engineers.  Based  on  these  guidelines 
this  dam  is  classified  as  a  small  size  dam  with  a  high  downstream  hazard 
potential.  According  to  the  St.  Louis  District,  Corps  of  Engineers, 
failure  would  threaten  lives  and  property.  The  estimated  damage  zone 
extends  approximately  two  miles  downstream  of  the  dam.  One  dwelling  and 
an  18-acre  lake  are  located  immediately  downstream  of  the  dam.  Three 
dwellings  are  located  downstream  of  the  lower  lake.  Contents  of  the 
estimated  downstream  damage  zone  were  verified  by  the  inspection  team. 

Our  inspection  and  evaluation  indicates  that  the  spillway  does  not 
meet  the  criteria  set  forth  in  the  guidelines  for  a  dam  having  the  above 
size  and  hazard  potential.  The  spillway  will  not  pass  the  probable 
maximum  flood  without  overtopping  the  dam  but  will  pass  10  percent  of 
the  probable  maximum  flood.  The  spillway  will  not  pass  the  flood  which 
has  a  one  percent  chance  of  occurrence  in  any  given  year  (100-year 
flood)  but  will  pass  the  flood  which  has  a  ten  percent  chance  of  occur¬ 
rence  in  any  given  year  (10-year  flood).  The  spillway  design  flood 
recommended  by  the  guidelines  is  50  to  100  percent  of  the  probable 
maximum  flood.  Considering  the  downstream  hazard  and  the  volume  of 
water  stored  in  the  reservoir,  the  spillway  design  flood  should  be  50 
percent  of  the  probable  maximum  flood.  The  probable  maximum  flood  is 
defined  as  the  flood  discharge  which  may  be  expected  from  the  most 
severe  combination  of  critical  meteorologic  and  hydrologic  conditions 
which  are  reasonably  possible  in  the  region. 


Based  on  visual  observations,  this  dam  appears  to  be  in  satisfac¬ 
tory  condition.  Deficiencies  visually  observed  by  the  inspection  team 
were  erosion  of  the  upstream  face,  crest,  and  downstream  toe,  trees  on 
the  downstream  face,  undercutting  and  cracking  of  the  concrete  spillway 
chute,  and  poor  vegetal  cover  on  the  embankment.  - 

The  lake  water  level  was  very  low  at  the  time  of  the  inspection. 
There  was  no  evidence  to  indicate  that  the  water  level  had  ever  reached 
the  spillway.  There  were  no  observed  deficiencies  or  conditions  existing 
at  the  time  of  the  inspection  which  would  indicate  an  immediate  safety 
hazard.  Future  corrective  action  and  regular  maintenance  will  be  re¬ 
quired  to  correct  or  control  the  described  deficiencies.  In  addition, 
detailed  seepage  and  stability  analyses  of  the  existing  dam,  as  required 
by  the  guidelines,  should  be  performed.  A  detailed  report  discussing 
each  of  these  deficiencies  is  attached. 


Edwin  R.  Burton,  PE 
Missouri  E-10137 


Harry^L.  Callahan,  Partner 
Black  &  Veatch 
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SECTION  1  -  PROJECT  INFORMATION 


1 . 1  GENERAL 

a.  Authority.  The  National  Dam  Inspection  Act,  Public  Law  92-367, 
authorized  the  Secretary  of  the  Army,  through  the  Corps  of  Engineers,  to 
initiate  a  program  of  safety  inspection  of  dams  throughout  the  United 
States.  Pursuant  to  the  above,  the  District  Engineer  of  the  St.  Louis 
District,  Corps  of  Engineers,  directed  that  a  safety  inspection  of  the 
Kehr's  Mill  Trail  Upper  Dam  be  made. 

b.  Purpose  of  Inspection.  The  purpose  of  the  inspection  was  to 
make  an  assessment  of  the  general  condition  of  the  dam  with  respect  to 
safety,  based  upon  available  data  and  visual  inspection,  in  order  to 
determine  if  the  dam  poses  hazards  to  human  life  or  property. 

c.  Evaluation  Criteria.  Criteria  used  to  evaluate  the  dam  were 
furnished  by  the  Department  of  the  Army,  Office  of  the  Chief  of  Engi¬ 
neers,  in  "Recommended  Guidelines  for  Safety  Inspection  of  Dams."  These 
guidelines  were  developed  with  the  help  of  several  Federal  agencies  and 
many  state  agencies,  professional  engineering  organizations,  and  private 
engineers . 

1.2  DESCRIPTION  OF  PROJECT 

a ■  Description  of  Dam  and  Appurtenances. 

(1)  "The  dam  is  an  earth  structure  located  in  the  valley  of  a 
tributary  to  Caulks  Creek  (-sec  Plate  lffL  The  watershed  is  an  area  of 
low  hills  with  fairly  steep  rugged  terrain  consisting  of  about  80  percent 
timber  and  20  percent  large  lot  residential  development.  The  dam  is 
approximately  450  feet  long  along  the  curved  alignment  of  the  crest  and 
is  30  feet  high.  The  dam  crest  is  47  feet  wide.  The  upstream  face  of 
the  dam  slopes  nearly  uniformly  from  the  crest  to  the  water  surface  of 
the  lake.  The  downstream  face  of  the  dam  has  a  fairly  uniform  slope 
from  the  crest  to  the  water  surface  of  the  lower  lake. 

(2)  The  spillway  consists  of  twin  36-inch  corrugated  metal  pipes 

with  beveled  ends  installed  through  the  embankment.  The  beveled  inlet 
and  outlet  ends  of  the  pipes  are  encased  in  unformed  poured  concrete 
(Photos  8-11).  Flow  through  the  pipes  will  discharge  onto  a  12-foot 
wide  concrete  chute  to  the  lower  lake.  The  chute  is  constructed  of 
unformed  concrete  poured  over  limestone  riprap  placed  on  the  downstream 
face  of  the  dam.  The  chute  has  a  slightly  concave  cross  section  and  has 
no  side  walls  (PtTUlus  10  &  There  is  no  emergency  spillway  for  this 

dam. 


(3)  One  12-inch  polyvinyl  chloride  drain  pipe  and  valve  has  been 
installed  through  the  embankment.  This  pipe  and  valve  were  reported  by 
Dick  Manlin  of  the  Charles  Liebert  Construction  Company,  but  was  not 
observed. 

(4)  One  12-inch  corrugated  metal  pipe  located  along  the  toe  of  the 
dam  at  the  right  abutment  carries  drainage  from  the  road  to  the  lower 
lake. 

(5)  Pertinent  physical  data  are  given  in  paragraph  1.3. 

b.  Location.  The  dam  is  located  in  western  St.  Louis  County, 
Missouri,  as  indicated  on  Plate  1.  The  lake  formed  by  the  dam  is  in  an 
area  shown  on  the  United  States  Geological  Survey  7.5  minute  series 
quadrangle  map  for  Chesterfield,  Missouri,  100  feet  north  and  2,900  feet 
east  of  the  southwest  corner  of  survey  #886  in  Township  45N,  Range  04E. 

c.  Size  Classification.  Criteria  for  determining  the  size  classi¬ 
fication  of  dams  and  impoundments  are  presented  in  the  guidelines  refer¬ 
enced  in  paragraph  1.1c  above.  Based  on  these  criteria,  the  dam  and 
impoundment  are  in  the  small  size  category.  A  small  size  dam  is  classi¬ 
fied  as  having  a  height  less  than  40  feet,  but  greater  than  or  equal  to 
25  feet  and/or  a  storage  capacity  less  than  1,000  acre-feet,  but  greater 
than  or  equal  to  50  acre-feet. 

d.  Hazard  Classification.  The  hazard  classification  assigned  by 
the  Corps  of  Engineers  for  this  dam  is  as  follows:  The  Kehr's  Mill 
Trail  Upper  Dam  has  a  high  hazard  potential,  meaning  that  the  dam  is 
located  where  failure  may  cause  loss  of  life,  and  serious  damage  to 
homes,  agricultural,  industrial  and  commercial  facilities,  and  to  impor¬ 
tant  public  utilities,  main  highways,  or  railroads.  For  the  Kehr's  Mill 
Trail  Upper  Dam  the  estimated  flood  damage  zone  extends  approximately 
two  miles  downstream  of  the  dam.  One  dwelling  and  an  18-acre  lake  are 
located  immediately  downstream  of  the  dam.  Three  dwellings  are  located 
downstream  of  the  lower  lake.  Contents  of  the  estimated  downstream 
damage  zone  were  verified  by  the  inspection  team. 

e.  Ownership .  The  dam  is  owned  by  the  Kehr's  Mill  Trail  Homes 
Association,  c/o  Mr.  Warren  Rusgis,  1607  Broken  Reins  Court,  Chester¬ 
field,  Missouri  63017. 

f.  Purpose  of  Dam.  The  dam  was  designed  to  form  a  16-acre  lake  to 
be  used  for  recreation  within  a  residential  subdevelopment. 

g.  Design  and  Construction  History.  The  developer  for  the  Kehr's 
Mill  Trail  subdevelopment  is  the  Charles  Liebert  Construction  Company 
according  to  Dick  Manlin  of  that  firm.  The  dam  was  constructed  in  late 


1976  by  the  J.H.  Berra  Construction  Company.  Brucker  &  Associates,  and 
the  Mueller  Engineering  and  Surveying  Company  were  involved  in  the 
design  of  the  dam. 

h.  Normal  Operating  Procedure.  Under  normal  operation,  rainfall, 
runoff,  transpiration,  evaporation,  and  overflow  through  the  uncontrolled 
spillway  will  combine  to  maintain  a  relatively  stable  water  surface 
elevation.  There  is  a  valved  drain  pipe  according  to  Dick  Manlin.  At 
the  time  of  the  inspection,  the  lake  level  was  much  lower  than  the 
spillway  invert  elevation.  Dick  Manlin  stated  that  the  lake  had  never 
been  full. 

1.3  PERTINENT  DATA 

a.  Drainage  Area  -  510  acres 

b.  Discharge  at  Damsite. 

(1)  Normal  discharge  at  the  damsite  is  through  the  uncontrolled, 
twin  36-inch  spillway  pipes. 

(2)  Estimated  experienced  maximum  flood  at  damsite  -  Unknown. 

(3)  Estimated  ungated  spillway  capacity  at  maximum  pool  elevation 
130  cfs  (50  Percent  Probable  Maximum  Flood  Pool  El.  531.6). 

c.  Elevation  (Feet  above  m.s.l.)  (Approximate  elevations  based  on 
estimated  tie  to  USGS  contour  map) . 

(1)  Top  of  dam  -  529.8  (see  Plate  3) 

(2)  Spillway  pipe  inlet  invert  -  524.8 

(3)  Spillway  pipe  outlet  invert  -  523.1 

(4)  Streambed  at  toe  of  dam  -  500.0  + 

(5)  Maximum  tailwater  -  Unknown,  Top  of  Lower  Dam  509.6 

d .  Reservoir. 

(1)  Length  of  maximum  pool  -  2^600  feet  +  (50  Percent  Probable 
maximum  flood  pool  level) 


(2)  Length  of  normal  pool  -  2,200  feet  +  (Spillway  inlet  invert) 


(2)  Spillway  pipe  inlet  invert  -  160 

(3)  Design  surcharge  -  Not  available. 

f .  Reservoir  Surface  (Acres) . 

(1)  Top  of  dam  -  20.4 

(2)  Spillway  pipe  inlet  invert  -  16.4 

g.  Dam. 

(1)  Type  -  Earth  embankment. 

(2)  Length  -  450  feet 

(3)  Height  -  30  feet  + 

(4)  Top  width  -  47  feet 

(5)  Side  slopes  -  upstream  face  varies  from  1.0  V  on  2.7  H  to  1.0 
V  on  2.9  H,  downstream  face  varies  from  1.0  V  on  2.7  H  to  1.0  V  on  3.2  H 
(see  Plate  4) 

(6)  Zoning  -  Unknown. 

(7)  Impervious  core  -  Unknown. 

(8)  Cutoff  -  Unknown. 

(9)  Grout  curtain  -  Unknown. 

h.  Diversion  and  Regulating  Tunnel  -  None. 

i .  Spillway. 

(1)  Type  -  Uncontrolled,  twin  36-incb  corrugated  metal  pipes 
through  embankment  with  discharge  to  12-feet  wide  concrete  chute  on 
downstream  slope  of  dam. 

(2)  Spillway  pipe  inlet  invert  elevation  -  524.8 


(3)  Spillway  pipe  outlet  invert  -  523.1 

(4)  Spillway  chute  lower  end  invert  elevation  -  505.0  + 

(5)  Gates  -  None. 

(6)  Upstream  channel  -  None. 

(7)  Downstream  channel  -  Concrete  chute  discharge  to  lower  lake. 

j.  Emergency  Spillway  -  None. 

k.  Valved  Outlet  -  One  12-inch  polyvinyl  chloride  drain  pipe  and 
valve  was  reported  by  the  developer. 


SECTION  2  -  ENGINEERING  DATA 


2.1  DESIGN 

A  geologic  investigation  of  the  dam  site  was  conducted  by  the 
Geology  and  Land  Survey  section  of  the  Missouri  Department  of  Natural 
Resources.  Recommendations  resulting  from  this  investigation  are  pre¬ 
sented  in  an  engineering  geology  report,  Appendix  B.  A  subsurface 
exploration  and  soils  testing  program  was  carried  out  by  Brucker  & 
Associates,  soils  engineers.  Recommendations  and  boring  logs  are  pre¬ 
sented  in  a  report  of  this  exploration  work,  Appendix  C.  The  dam  design 
and  hydrologic  analyses  were  prepared  by  Mueller  Engineering  &  Surveying 
Company.  No  design  information  was  made  available. 

2.2  CONSTRUCTION 

The  dam  was  constructed  by  the  J.H.  Berra  Construction  Company  in 
late  1976.  Construction  records  were  unavailable. 

2 . 3  OPERATION 

Operational  records  and  documentation  of  past  floods  were  unavail¬ 
able  . 

2.4  GEOLOGY 

The  site  of  the  dam  and  reservoir  is  located  in  a  moderately-deep, 
steep-sided  valley.  The  dam  impounds  a  small,  intermittent  stream 
tributary  to  Caulks  Creek. 

Published  information  was  not  available  on  the  soils  in  the  area  of 
the  dam  and  reservoir.  The  engineering  geology  report  on  the  dam  site 
indicates  that  the  soils  consist  of  silty  clay  and  clayey  silt.  The 
soils  developed  in  residuum  and  colluvium. 

The  engineering  geology  reports  indicate  that  the  bedrock  consists 
of  limestone  of  the  Burlington  formation  of  the  Osage  Series  of  the 
Mississippian  system.  The  limestone  is  deeply  weathered  with  extensive 
solutioning  along  vertical  joints  and  bedding  planes.  Numerous  outcrops 
of  limestone  are  present  in  the  valley  walls.  One  spring  was  observed 
approximately  2,500  feet  downstream  of  the  dam  on  the  left  side  of  the 
valley.  The  reports  are  presented  in  Appendix  B  and  C  of  this  report. 

The  boring  logs  in  the  report  on  the  subsurface  investigation  of 
the  area  of  the  dam  and  reservoir  indicate  that  the  subsurface  materials 
consist  of  alluvial  silt  and  silty  clay  of  low  plasticity  (ML  and  CL 
materials)  overlying  residual  clay  (CH  material).  Neither  water  nor 
rock  were  encountered  in  the  borings.  However,  the  report  states  that 
thin  soils  overlie  limestone  throughout  the  reservoir  area. 


2 . 5  EVALUATION 


a.  Availability.  No  engineering  data  were  made  available. 

b.  Adequacy.  Seepage  and  stability  analyses  comparable  to  the 
requirements  of  the  "Recommended  Guidelines  for  Safety  Inspection  of 
Dams"  were  not  available,  which  is  considered  a  deficiency.  These 
seepage  and  stability  analyses  should  be  performed  for  appropriate 
loading  conditions  (including  earthquake  loads)  and  made  a  matter  of 
record . 

c.  Validity.  The  validity  of  the  design,  construction,  and  opera¬ 
tion  could  not  be  determined  because  engineering  data  were  not  made 
available . 
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SECTION  3  -  VISUAL  INSPECTION 


3.1  FINDINGS 

a.  General .  A  visual  inspection  of  Kehr's  Mill  Trail  Upper  Dam 
was  made  on  18  November  1980.  The  inspection  team  consisted  of  Edwin 
Burton,  team  leader;  Robert  Pinker,  geologist;  Gary  Van  Riessen,  geo¬ 
technical  engineer;  and  John  Ruhl ,  hydrologist.  The  dam  appeared  to  be 
in  satisfactory  condition.  Specific  observations  are  discussed  below. 

No  observations  were  made  of  the  condition  of  the  upstream  face  of  the 
dam  below  the  pool  elevation  at  the  time  of  the  inspection. 

b.  Dam.  The  inspection  team  observed  the  following  conditions  at 
the  dam.  The  embankment  has  a  wide  crest  and  reasonable  upstream  and 
downstream  slopes.  There  were  no  noticeable  signs  of  settlement  or 
instability  such  as  sinkholes,  cracking,  sliding  or  sloughing.  No  toe 
drains  or  relief  wells  were  observed. 

Erosion  protection  on  the  embankment  consisting  of  uncut  weeds  and 
thin  grass  is  considered  to  be  in  poor  condition.  There  is  no  riprap  on 
the  embankment.  Erosion  was  beginning  to  develop  gullies  on  the  upstream 
face  of  the  dam  due  to  runoff  from  the  crest.  One  gulley  down  the 
upstream  face  near  the  right  end  of  the  dam  varied  from  6  to  24  inches 
wide  and  was  about  18  inches  deep  (Photo  13).  Erosion  on  the  downstream 
face  was  beginning  to  undercut  the  concrete  spillway  chute  (Photo  16). 
Erosion  of  the  downstream  toe  at  the  right  end  of  the  embankment  was 
occurring  at  the  outlet  end  of  the  corrugated  metal  drainage  pipe. 

Minor  erosion  was  occurring  in  the  vehicle  tracks  along  the  crest. 

Right  and  left  are  used  herein  to  provide  directional  reference  while 
looking  downstream. 

There  were  no  trees  on  the  embankment  except  two  small  (1-inch) 
willows  that  had  been  planted  on  the  downstream  face.  No  animal  burrows 
were  observed.  No  seepage  was  observed. 

There  was  no  evidence  that  the  dam  has  ever  been  overtopped.  The 
lake  level  was  extremely  low  at  the  time  of  the  inspection.  From  obser¬ 
vation  of  water  marks  and  the  wash  line  along  the  upstream  face,  it 
appears  that  the  lake  level  may  have  never  reached  the  spillway  inlet. 

c.  Appurtenant  Structures.  The  only  appurtenant  structure  ob¬ 
served  was  the  twin  pipe  spillway  and  concrete  chute.  The  pipes  appear 
to  be  in  good  condition.  The  inlet  and  outlet  ends  of  the  pipes  were 
observed  and  the  pipe  interiors  and  alignment  were  observed  from  both 
ends.  The  observed  pipe  joints  appeared  to  be  tight  without  leakage 
into  or  out  of  the  pipes.  There  was  no  visible  distortion  of  the  pipes 
or  their  alignment. 


Erosion  of  the  embankment  along  the  edges  of  the  concrete  spillway 
chute  was  beginning  to  undercut  the  chute  (Photo  16).  Several  cracks  in 
the  chute  were  observed  (Photo  12).  Discharges  through  the  spillway 
would  flow  from  the  concrete  chute  into  the  lower  lake.  However,  there 
was  no  evidence  to  indicate  that  the  upper  lake  level  had  ever  been  high 
enough  to  generate  a  flow  through  the  spillway. 

d.  Geology.  The  soils  in  the  area  of  the  dam  and  reservoir  con¬ 
sisted  of  silt  and  clay.  The  soils  were  developed  in  residuum  and 
colluvium.  For  engineering  purposes,  the  soils  were  visually  classified 
as  clayey  silt  and  silty  clay  of  low  plasticity  (ML  and  CL).  Samples  of 
the  embankment  material  »ere  taken  near  the  center  of  the  downstream 
crest  using  an  Oakfield  sampler.  The  samples  were  visually  classified 
for  engineering  purposes  as  clayey  silt  of  low  plasticity  (ML).  Based 
on  these  samples,  it  is  surmised  that  the  embankment  is  constructed  of 
clayey  silt. 

No  outcrops  of  bedrock  were  observed.  The  pool  in  the  reservoir 
was  extremely  low  and  appeared  to  have  never  reached  the  spillway.  This 
may  indicate  that  the  water  is  seeping  out  through  the  bottom  of  the 
reservoir  into  the  weathered  and  solutioned  Burlington  limestone  or 
through  the  embankment  into  the  tailwaters  of  the  lower  lake. 

e.  Reservoir  Area.  The  engineering  geology  report,  Appendix  B, 
suggested  the  possibility  of  water  loss  through  lake  bed  leakage.  The 
inspection  team  believes  that  this  could  be  one  reason  for  the  low  water 
level.  The  water  in  the  lake  was  extremely  muddy  on  the  day  of  the 
inspection.  This  is  probably  due  to  construction  activities  in  the 
watershed.  Due  to  the  muddy  water  conditions  of  the  lake,  an  assessment 
of  the  degree  of  siltation  could  not  be  made.  No  slumping  or  slides  of 
the  reservoir  banks  were  observed.  The  area  upstream  of  the  lake  was 
clear  of  trees  and  debris  with  no  defined  channel.  The  left  bank  of  the 
lake  is  wooded. 

f.  Downstream  Channel.  The  spillway  discharges  to  a  lower  lake 
which  is  formed  by  the  Kehr's  Mill  Trail  Lower  Dam. 

3.2  EVALUATION 

The  various  deficiencies  observed  at  the  time  of  the  inspection  are 
not  believed  to  represent  an  immediate  safety  hazard.  They  do,  however, 
warrant  corrective  action. 

The  erosion  that  is  developing  on  the  upstream  face,  the  crest,  and 
the  downstream  toe  of  the  embankment  is  primarily  due  to  the  lack  of  a 
good  growth  of  protective  vegetal  cover.  Erosion  will  continue  on  the 
embankment  until  protective  cover  has  been  established.  The  absence  of 
riprap  on  the  upstream  slope  has  not  led  to  any  problems  because  of  the 
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lack  of  an  appreciable  reservoir  pool.  Riprap  protection  should  be 
provided  to  reduce  the  potential  for  wave  induced  erosion.  Undercutting 
of  the  concrete  spillway  chute  will  continue  until  erosion  protection  is 
established.  The  undercutting  can  lead  to  further  cracking  and  breaking 
up  of  the  concrete  chute  which  could  become  displaced  when  subjected  to 
flow  through  the  spillway. 

The  two  trees  on  the  downstream  face  of  the  dam  are  not  presently  a 
problem  because  they  are  small.  Willows  grow  very  rapidly  and  can 
develop  extensive  root  systems  that  will  loosen  the  embankment  material 
and  also  leave  voids  in  the  embankment  through  which  water  can  pass. 
Trees  also  inhibit  the  growth  of  grass  whose  roots  are  effective  in 
protecting  the  surface  soil  of  the  slope  from  erosion. 

No  seepage  problems  were  observed  at  this  dam.  Close  monitoring  of 
the  embankment  should  be  maintained  as  the  reservoir  fills. 


SECTION  4  -  OPERATIONAL  PROCEDURES 


4.1  PROCEDURES 

Under  normal  conditions  the  pool  will  be  primarily  controlled  by 
rainfall,  runoff,  evaporation,  transpiration,  and  the  capacity  of  the 
uncontrolled  spillway.  At  the  time  of  inspection,  water  loss  by  leakage 
is  a  big  factor  in  controlling  the  pool  level.  There  is  a  valved  drain 
pipe  according  to  Dick  Manlin. 

4.2  MAINTENANCE  OF  DAM 

There  was  no  evidence  that  a  maintenance  program  was  in  effect. 

The  thin  grass/weed  cover  on  the  embankment  slopes  was  uncut  and  rainfall 
runoff  was  beginning  to  erode  small  gullies  down  the  slopes. 

4.3  MAINTENANCE  OF  OPERATING  FACILITIES 

According  to  Dick  Manlin  leakage  from  the  lake  was  occurring  through 
a  bad  valve  in  a  12-inch  PVC  drain  line.  The  valve  has  been  repaired. 

4.4  DESCRIPTION  OF  ANY  WARNING  SYSTEM  IN  EFFECT 

There  is  no  existing  warning  system  or  preplanned  scheme  for  alert¬ 
ing  downstream  residents  for  this  dam. 

4.5  EVALUATION 

A  maintenance  program  should  be  developed  which  includes  the  repair 
of  erosion  and  the  establishment  of  a  suitable  vegetal  cover  on  the 
embankment  for  erosion  protection. 
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SECTION  5  -  HYDRAULIC/HYDROLOGIC 


5.1  EVALUATION  OF  FEATURES 

a.  Design  Data.  No  design  data  were  available. 

b.  Experience  Data.  The  drainage  area  and  lake  surface  area  are 
developed  from  USGS  Chesterfield  quadrangle  map.  The  dam  layout  is  from 
a  survey  made  during  the  inspection. 

c .  Visual  Observations. 

(1)  The  spillway  pipes  are  in  good  condition.  The  concrete  chute 
had  several  cracks  and  was  being  undercut  by  erosion  of  the  embankment. 
Under  full  pipe  flow  it  is  possible  that  flow  could  spill  over  the  sides 
of  the  chute  onto  the  embankment  slope  and  cause  erosion. 

(2)  There  is  no  emergency  spillway  for  this  dam. 

(3)  Spillway  discharges  could  endanger  the  integrity  of  the  dam  if 
flow  spills  over  onto  the  embankment  slope. 

d.  Overtopping  Potential.  The  spillway  will  not  pass  the  probable 
maximum  flood  without  overtopping  the  dam.  The  probable  maximum  flood 
is  defined  as  the  flood  discharge  that  may  be  expected  from  the  most 
severe  combination  of  critical  meteorologic  and  hydrologic  conditions 
that  are  reasonably  possible  in  the  region.  The  spillway  will  pass  10 
percent  of  the  probable  maximum  flood  without  overtopping  the  dam.  The 
spillway  will  not  pass  the  one  percent  chance  flood  estimated  to  have  a 
peak  outflow  of  121  cfs  developed  by  a  24-hour,  one  nercent  chance 
rainfall.  The  spillway  will  pass  the  ten  percent  chance  flood  estimated 
to  have  a  peak  outflow  of  69  cfs  developed  by  a  24-hour,  ten  percent 
chance  rainfall.  According  to  the  recommended  guidelines  from  the 
Department  of  the  Army,  Office  of  the  Chief  of  Engineers,  a  high  hazard 
dam  of  small  size  should  pass  50  to  100  percent  of  the  probable  maximum 
flood.  Considering  the  downstream  hazard,  and  the  volume  of  water 
stored  in  the  reservoir,  the  appropriate  spillway  design  flood  should  be 
50  percent  of  the  probable  maximum  flood.  The  portion  of  the  estimated 
peak  discharge  of  50  percent  of  the  probable  maximum  flood  overtopping 
the  dam  would  be  1,890  cfs  of  the  total  discharge  from  the  reservoir  of 
2,020  cfs.  The  estimated  duration  of  overtopping  is  8.7  hours  with  a 
maximum  height  of  1.8  feet.  The  portion  of  the  estimated  peak  discharge 
of  the  probable  maximum  flood  overtopping  the  dam  would  be  3,940  cfs  of 
the  total  discharge  from  the  reservoir  of  4,080  cfs.  The  estimated 
duration  of  overtopping  is  13.0  hours  with  a  maximum  height  of  2.7  feet. 
The  embankment  could  be  jeopardized  should  overtopping  occur  for  these 
periods  of  time. 
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According  to  the  St.  Louis  District,  Corps  of  Engineers,  the  effect 
from  rupture  of  the  dam  could  extend  approximately  two  miles  downstream 
of  the  dam.  One  dwelling  and  an  18-acre  lake  are  located  immediately 
downstream  of  the  dam.  Three  dwellings  are  located  downstream  of  the 
lower  lake.  Damage  to  the  lower  dam  and  four  dwellings  could  occur  and 
lives  could  be  lost  should  failure  of  the  dam  occur.  Contents  of  the 
estimated  downstream  damage  zone  were  verified  by  the  inspection  team. 
Flood  plain  regulations  under  the  National  Flood  Insurance  Program  re¬ 
strict  development  in  the  flood  plain  of  Caulks  Creek  which  is  downstream 
of  the  Kehr's  Mill  Trail  Lower  Dam.  Caulks  Creek  has  been  designated  as 
a  flood  insurance  zone  A6  in  this  area. 
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SECTION  6  -  STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY 

a.  Visual  Observations.  Visual  observations  of  conditions  which 
affect  the  structural  stability  of  this  dam  are  discussed  in  Section  3, 
paragraph  3.1b. 

b.  Design  and  Construction  Data.  No  design  data  relating  to  the 
structural  stability  of  the  dam  were  found.  Seepage  and  stability 
analyses  comparable  to  the  requirements  of  the  "Recommended  Guidelines 
for  Safety  Inspection  of  Dams"  were  not  available,  which  is  considered  a 
deficiency. 

c.  Operating  Records.  No  operational  records  were  available. 

d.  Postconstruction  Changes.  Dick  Manlin  of  the  Charles  Liebert 
Construction  Company  reported  that  the  valve  to  the  drain  pipe  in  the 
embankment  has  been  repaired  to  prevent  a  leak.  The  lake  was  drained 
and  the  lake  bottom  was  compacted  at  the  same  time. 

e.  Seismic  Stability.  The  dam  is  located  in  Seismic  Zone  2  which 
is  a  zone  of  moderate  seismic  risk.  A  properly  designed  and  constructed 
earth  dam  using  sound  engineering  principles  and  conservatism  should 
pose  no  serious  stability  problems  during  earthquakes  in  this  zone.  The 
seismic  stability  of  an  earth  dam  is  dependent  upon  a  number  of  factors: 
embankment  and  foundation  material  classifications  and  shear  strengths; 
abutment  materials,  conditions,  and  strengths;  embankment  zoning;  and 
embankment  geometry.  Adequate  descriptions  of  embankment  design  para¬ 
meters,  foundation  and  abutment  conditions,  or  static  stability  analyses 
to  assess  the  seismic  stability  of  this  embankment  were  not  available 
and  therefore  no  inferences  will  be  made  regarding  the  seismic  stability. 
An  assessment  of  the  seismic  stability  should  be  included  as  part  of  the 
stability  analysis  required  by  the  guidelines. 


SECTION  7  -  ASSESSMENT/REMEDIAL  MEASURES 


7.1  DAM  ASSESSMENT 

a.  Safety.  Several  conditions  observed  during  the  visual  inspec¬ 
tion  by  the  inspection  team  should  be  monitored  and/or  controlled. 

These  are  erosion  on  the  crest,  the  upstream  face  and  the  downstream 
toe,  undercutting  and  cracking  of  the  concrete  spillway  chute,  the  poor 
vegetal  cover  on  the  embankment,  and  two  trees  on  the  downstream  face. 
Seepage  and  stability  analyses  comparable  to  the  requirements  of  the 
"Recommended  Guidelines  for  Safety  Inspection  of  Dams"  were  not  avail¬ 
able,  which  is  considered  a  deficiency. 

b.  Adequacy  of  Information.  Due  to  the  unavailability  of  engineer¬ 
ing  design  data,  the  conclusions  in  this  report  were  based  only  on 
performance  history  and  visual  conditions.  The  inspection  team  considers 
that  these  data  are  sufficient  to  support  the  conclusions  herein. 

However,  it  has  been  reported  that  the  dam  has  not  experienced  full 
reservoir  conditions.  Seepage  and  stability  analyses  comparable  to  the 
requirements  of  the  "Recommended  Guidelines  for  Safety  Inspection  of 
Dams"  were  not  available,  which  is  considered  a  deficiency. 

c.  Urgency.  It  is  the  opinion  of  the  inspection  team  that  a 
program  should  be  developed  as  soon  as  possible  to  implement  remedial 
measures  recommended  in  paragraph  7.2b.  If  the  safety  deficiencies 
listed  in  paragraph  7.1a  are  not  corrected,  they  will  continue  to  de¬ 
teriorate  and  lead  to  a  serious  potential  of  failure.  The  item  recom¬ 
mended  in  paragraph  7.2a  should  be  pursued  on  a  high  priority  basis. 

d.  Necessity  for  Phase  II.  The  Phase  I  investigation  does  not 
raise  any  serious  questions  relating  to  the  safety  of  the  dam  nor  does 
it  identify  any  serious  dangers  which  would  require  a  Phase  II  investi¬ 
gation.  However,  the  additional  analyses  noted  in  paragraph  2.5b  are 
necessary  for  compliance  with  the  guidelines. 

e.  Seismic  Stability.  This  dam  is  located  in  Seismic  Zone  2. 
Adequate  description  of  embankment  design  parameters,  foundation  and 
abutment  conditions,  or  static  stability  analyses  to  assess  the  seismic 
stability  of  this  embankment  were  not  available  and  therefore  no  infer¬ 
ences  will  be  made  regarding  the  seismic  stability.  An  assessment  of 
the  seismic  stability  should  be  included  as  part  of  the  recommended 
stability  analysis. 

7.2  REMEDIAL  MEASURES 

a.  Alternatives .  The  spillway  size  and/or  storage  volume  would 
need  to  be  increased  or  the  lake  level  would  need  to  be  maintained  at  a 
low  level  to  increase  available  flood  storage  in  order  to  effectively 


pass  the  recommended  spillway  design  flood.  Spillway  capacity  could  be 
increased  by  providing  an  emergency  spillway.  The  storage  volume  could 
be  increased  by  raising  the  low  areas  of  the  dam  crest. 

b.  Operation  and  Maintenance  Procedures.  The  following  operatior 
and  maintenance  procedures  are  recommended  and  should  be  carried  out 
under  the  direction  of  a  professional  engineer  experienced  in  the  design, 
construction,  and  maintenance  of  earth  dams. 

(1)  The  erosion  damage  on  the  upstream  face  of  the  embankment; 
crest  and  around  the  concrete  spillway  chute  should  be  repaired.  Riprap 
should  be  placed  on  the  upstream  face  of  the  dam  to  an  elevation  above 
normal  lake  level  to  prevent  erosion  of  the  embankment  material. 

(2)  The  embankment  should  be  protected  from  further  erosion  by  the 
establishment  of  a  suitable  vegetal  cover  on  the  crest  and  slopes. 

(3)  The  concrete  spillway  chute  should  be  monitored  to  determine 
if  cracking  continues  or  if  cracks  become  larger.  If  so,  remedial 
repairs  should  be  undertaken.  It  should  be  determined  if  discharge  over 
the  sides  of  the  chute  occurs  during  full  pipe  flow.  If  so,  the  chute 
should  be  reconstructed  to  confine  the  flow. 

(4)  The  two  trees  on  the  downstream  face  of  the  embankment  should 
be  removed. 

(5)  Erosion  protection  on  the  embankment  should  be  provided  at  the 
outlet  of  the  drain  pipe  along  the  toe  of  the  dam. 

(6)  Seepage  and  stability  analyses  should  be  performed. 

(7)  A  detailed  inspection  of  the  dam  should  be  made  periodically. 
More  frequent  inspections  should  be  performed  during  the  reservoir 
filling  process  to  ascertain  that  leakage,  seepage,  slope  instability, 
etc.  do  not  go  undetected.  If  these  types  of  problems  occur,  an  engineer 
experienced  in  earth  dams  should  be  engaged  to  assist  in  formulating 
corrective  measures.  Findings  of  the  inspection  should  be  documented 
and  made  a  matter  of  record. 
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PHOTO  5:  CREST  OF  DAM  LOOKING  NORTH 


PHOTO  6:  DOWNSTREAM  FACE  OF  DAM  LOOKING  SOUTH 


PHOTO  7:  DOWNSTREAM  FACE  OF  DAM  LOOKING  NORTH 


PHOTO  13:  EROSION  OP  UPSTREAM  FACE  NEAR  RIGHT  END 


PHOTO  14:  EROSION  OF  UPSTREAM  FACE 
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PHOTO  15:  EROSION  OF  DOWNSTREAM  FACE  NEAR  SPILLWAY 


PHOTO  16:  UNDERCUTTING  OF  CONCRETE  CHUTE 


PHOTO  18:  LOWER  LAKE  AND  DAM  VIEWED  FROM  UPPER  DAM 
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HYDROLOGIC  AND  HYDRAULIC  ANALYSES 


To  determine  the  overtopping  potential,  flood  routings  were  per¬ 
formed  by  applying  the  Probable  Maximum  Precipitation  (PMP)  to  a  synthe¬ 
tic  unit  hydrograph  to  develop  the  inflow  hydrograph.  The  inflow  hydro¬ 
graph  was  then  routed  through  the  reservoir  and  spillway.  The  over¬ 
topping  analysis  was  determined  using  the  computer  program  HEC-1  (Dam 
Safety  Version)  (1). 

The  PMP  was  determined  from  regional  charts  prepared  by  the  National 
Weather  Service  in  "Hydrometeorological  Report  No.  33"  (HMR-33)  (2). 
Reduction  factors  were  not  applied.  The  rainfall  distribution  for  the 
24-hour  PMP  storm  was  determined  according  to  the  procedures  outlined  in 
HMR-33  and  EM  1110-2-1411  (3).  The  St.  Louis  County,  Missouri  rainfall 
distribution  (5  min.  interval  -  24  hours  duration),  as  provided  by  the 
St.  Louis  District,  Corp  of  Engineers,  was  used  when  the  one  percent 
chance  and  ten  percent  chance  probability  floods  were  routed  through  the 
reservoir  and  spillway. 

The  synthetic  unit  hydrograph  for  the  watershed  was  developed  by 
the  computer  program  using  the  Soil  Conservation  Service  (SCS)  method  (1 
and  4).  The  parameters  for  the  unit  hydrograph  are  shown  in  Table  1. 

The  time  of  concentration  (T  )  was  computed  using  the  SCS  method  and 
verified  by  using  the  KirpicS  method. 

The  SCS  curve  number  (CN)  method  was  used  in  computing  the  infil¬ 
tration  losses  for  the  rainfall-runoff  relationship.  The  CN  values 
used,  and  the  result  from  the  computer  output,  are  shown  in  Table  2. 

The  reservoir  routing  was  performed  using  the  modified  Puls  method. 
The  initial  reservoir  pool  elevation  for  the  routing  of  each  storm  was 
determined  to  be  equivalent  to  the  inlet  invert  elevation  of  the  spill¬ 
way  at  elevation  524.8  feet  m.s.l.  in  accordance  with  antecedent  storm 
conditions  AMC  II  and  AMC  III  preceding  1 1 ■  >ne  percent  probability,  ten 
percent  probability,  and  probable  maximum  .  ^orms  outlined  by  the  U.S. 

Army  Corps  of  Engineers,  St.  Louis  District  (5).  The  hydraulic  capacity 
of  the  spillway  and  the  storage  capacity  of  the  reservoir  were  defined 
by  the  elevation,  surface  area,  storage,  and  discharge  relationships 
shown  in  Table  3. 

The  rating  curve  for  the  spillway  is  shown  in  Table  4.  The  flow 
over  the  crest  of  the  dam  was  determined  using  the  non-level  dam  crest 
option  ($L  and  $V  cards)  of  the  HEC-1  program.  The  program  assumes 
critical  flow  over  a  broad-crested  weir.  The  flow  through  the  spillway 
was  determined  from  Hydraulic  Charts  for  the  Selection  of  Highway  Cul¬ 
verts  (6) . 
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The  result  of  the  routing  analysis  indicates  that  the  spillway  will 
pass  a  flood  equivalent  to  10  percent  of  the  PMF  without  overtopping  the 
dam. 

A  summary  of  the  routing  analysis  for  different  ratios  of  the  PMF 
is  shown  in  Table  5. 

The  computer  input  data  and  a  summary  of  the  output  data  are  pre¬ 
sented  at  the  back  of  this  appendix. 


TABLE  1 


SYNTHETIC  UNIT  HYDROGRAPH 


Parameters : 

Drainage  Area  (A)  510  acres 

Hydraulic  Length  of  7,300  feet 

Watercourse  ({) 

Hydrologic  Soil  Cover  86  (AMC  III)  72  (AMC  II) 

Complex  Number  (CN1) 

Average  Watershed  Land  1.8% 

Slope  (Y) 

Lag  Time  (L^)  0.95  hours  (AMC  III)  1.47  hours  (AMC  II) 

Time  of  concentration  (T  )  1.59  hours  (AMC  III)  2.45  hours  (AMC  II) 

c 

Duration  (D)  12.7  min.  (AMC  III)  19.5  min.  (AMC  II) 

(use  5  minutes  in  each  case  to  be  con¬ 
sistent  with  duration  of  the  storm  used 
for  the  downstream  lake) 


Time  (Min.)  *  Discharge  (cfs)  * 


AMC  II 

AMC  III 

0 

0 

0 

5 

4 

10 

10 

9 

30 

15 

19 

57 

20 

30 

91 

25 

43 

133 

30 

58 

186 

35 

75 

248 

40 

96 

302 

45 

119 

344 

50 

145 

372 

55 

171 

387 

60 

194 

389 

65 

214 

386 

70 

230 

368 

From  HEC-1  computer  output 
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(TABLE  1) 
(Continued) 


Time  (Min.)  *  Discharge  (cfs)  * 

AMC  II  AMC  III 


75 

242 

346 

80 

250 

321 

85 

254 

293 

90 

255 

259 

95 

254 

220 

100 

253 

187 

105 

244 

162 

110 

235 

141 

115 

225 

122 

120 

215 

107 

*  From  HEC-1  computer  output 


TABLE  2 


RAINFALL-RUNOFF  VALUES 


Selected  Storm 

Event 

Storm 

Duration 

Hours 

Rainfall 

(Inches) 

Runoff 

(Inches) 

Loss 

(Inches) 

PMP 

24 

32.45 

30.57 

1.88 

50%  PMP 

24 

17.10 

15.29 

1.81 

1%  Probability 

24 

6.97 

3.81 

3.16 

10%  Probability 

Additional  Data: 

24 

4.91 

2.13 

2.78 

1)  No  information  on  soil  associations  was  available  for  this 
watershed. 

100  percent  of  drainage  area  in  hydrologic  soil  group  C. 

80  percent  of  the  land  use  was  timberland. 

20  percent  of  the  land  use  was  large  residential  lots. 

2)  SCS  Runoff  Curve  CN  =  86  (AMC  III)  for  the  PMF. 

3)  SCS  Runoff  Curve  CN  =  72  (AMC  II)  for  the  one  percent  and  ten 

percent  probability  floods  (4  and  7). 


TABLE  3 

ELEVATION.  SURFACE  AREA,  STORAGE,  AND  DISCHARGE  RELATIONSHIPS 


Elevation 

(feet-MSL) 

Lake  Surface 

Area  (acres) 

Lake  Storage 
(acre-ft) 

Spillway 
Discharge  (cfs) 

*524.8 

16.4 

160 

0 

527.3 

18.4 

203 

51 

**529.8 

20.4 

252 

110 

*Spillway  Inlet  Invert  Elevation 
**Top  of  Dam  Elevation 

The  relationships  in  Table  3  were  developed  from  the  Chesterfield, 
Missouri  7.5  minute  quadrangle  map  and  the  field  measurements. 


TABLE  4 


SPILLWAY  RATING  CURVE 


Reservoir 

Elevation  (ft-msl) 

*524.8 

526.8 

527.8 

528.8 
**529.8 


Primary  Spillway 
Discharge  (efs) 

0 

36 

70 

86 

110 


*Spillway  Inlet  Invert  Elevation 
**Top  of  Dam  Elevation 

METHOD  USED: 

Spillway  release  rates  are  based  on  nomographs  for  a  pipe  culvert 
with  inlet  and  outlet  control  (6). 


TABLE  5 

RESULTS  OF  FLOOD  ROUTINGS 


Ratio 

Peak 

Peak  Lake 

Total 

Peak 

Depth 

Duration 

of 

Inflow 

Elevation 

Storage 

Outflow 

Over  Top 

Over  Top 

PMF 

(cfs) 

(ft . -msl) 

(AC. -ft.) 

(cfs) 

of  Dam 

of  Dam 

(ft.)  (hrs . ) 


- 

0 

*524.8 

160 

0 

- 

- 

0.10 

413 

529.6 

248 

106 

0 

0 

0.50 

2,066 

531.6 

291 

2,022 

1.8 

8.7 

1.00 

4,132 

532.5 

311 

4,079 

2.7 

13.0 

*Spillway  Inlet  Invert  Elevation 
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APPENDIX  B 


ENGINEERING  GEOLOGIC  REPORT  ON  THE 
KEHR’S  MILL  TRAILS  LAKE  SITE 


ENGINEERING  GEOLOGIC  REPORT  ON  THE  KEHRS  MILL  TRAILS  LAKE  SITE 


St.  Louis  County,  Mo. 


LOCATION;  In  a  northwest  trending  tributary  to  Caulks  Creek  paralleling 
Kehrs  Mill  Road  in  Sec.  17  &  18,  T.  45  N. ,  R.  4  E. ,  Chesterfield  Quadrangle. 

GEOLOGIC  SETTING: 

Two  proposed  lake  sites  are  planned  for  the  valley.  One  dam  is  proposed 
at  the  mouth  of  the  tributary  valley  with  the  second  dam  proposed  at  the 
tail  waters  of  the  first,  approximately  at  elevation  500  in  the  valley  bottom. 

Limestone  of  the  Burlington  Formation  is  the  parent  bedrock  in  the  lake 
and  watershed  area.  The  Burlington  in  this  area  is  very  deeply  weathered 
with  much  solution  work  along  joints  and  bedding  planes  plus  creating  a  very 
permeable  bedrock.  The  bedrock,  however,  is  masked  for  the  most  part  by 
thick  residual  soil  on  the  lower  valley  slopes  which  in  turn  is  covered  by 
an  unknown  but  relatively  thick  sequence  of  silty  and  silty  clay  soil.  Numerous 
outcrops  of  limestone  are  observable  in  the  lower  valley  walls  in  the  vicinity 
of  the  streambed  upstream  of  the  dams.  At  least  one  spring  was  observed  on 
the  lower  valley  wall  at  or  just  downstream  of  the  right  abutment.  This 
spring  is  on  the  base  of  a  narrow  ridge  which  would  have  a  relatively  low 
water  storage  capacity  and  thus  may  represent  water  moving  down  the  valley 
from  the  upstream  (within  the  lake  basin)  area. 

The  thick  soil  cover  represented  as  terraces  in  the  valley  bottoms  and 
the  residual,  colluvial  and  silty  soils  on  the  ridges  should  prevent  much  of 
the  water  from  the  proposed  lake  from  reaching  the  bedrock.  Water  that  does 
reach  the  bedrock,  however,  can  be  expected  to  escape  through  the  ridges  or 
into  bedrock  in  the  valley  bottom  and  under  the  proposed  dam. 

The  drainage  area  encompasses  approximately  550  surface  areas  -  and  would 
be  sufficient  for  the  15  acre  and  13  acre  proposed  lakes,  provided  no  adverse 
leakage  conditions  are  encountered. 

SUMMARY: 

In  summary,  the  bedrock  is  extremely  permeable  and  will  transmit  water 
rapidly,  particularly  under  pressure.  The  relatively  thick  soil  cover  mask¬ 
ing  the  bedrock  should  provide  enough  protection  to  prevent  water  from  reach¬ 
ing  the  bedrock  in  most  areas  of  the  lake. 

RECOMMENDATIONS : 

1)  Because  of  the  presence  of  the  bedrock  spring  just  downstream  of  the 
right  abutment,  it  is  recommended  that  the  dam  site  of  the  lower  dam  be 
moved  upstream  at  least  to  where  the  loop  of  the  existing  driveway  road  is 
present.  The  soil  on  the  north  or  right  abutment  is  thicker  in  this  area  and 
a  relatively  thick  sequence  of  soil  is  present  in  the  valley  bottom  that  will 
help  prevent  water  from  getting  to  the  bedrock.  If  the  dam  is  placed  at 
the  location  on  the  plans,  the  chances  of  lake  water  getting  to  the  spring 
system  will  be  very  high. 
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2)  It  is  recommended  that  the  core  under  the  dam  be  extended  to  bedrock 
across  the  valley  bottom  and  up  the  valley  wall  to  where  clayey  soils  ex¬ 
ceed  10  feet  in  thickness.  No  water  was  present  in  the  stream  system  on 

the  date  of  this  investigation  and  it  is  thought  that  water  moving  down  the 
valley  is  following  old  channels  that  are  now  covered  or  is  moving  at  the 
soil  bedrock  contact  somewhere  on  the  valley  bottom.  The  core  should  penetrate 
to  rock  if  at  all  possible  if  the  soil  is  less  than  15  feet  thick  in  the  val¬ 
ley  bottom. 

3)  It  is  recommended  that  the  streambed  be  filled  with  borrow  material 
to  at  least  general  floodplain  elevation  several  hundred  yards  upstream  of 
the  dam.  The  weak  point  in  the  valley  bottom  is  the  existing  streambed  and 
filling  of  the  streambed  to  general  floodplain  elevation  will  help  prevent 
water  from  getting  to  gravels  and/or  bedrock  in  the  deep  water  portion  of  the 
lake. 

4)  Borrow  material  should  not  be  removed  from  the  valley  bottom  or  valley 
walls  unless  it  can  be  shown  to  exceed  at  least  10  feet  in  thickness.  The 

soil  material  not  the  bedrock  is  what  will  impound  water  in  this  basin.  Adequate 
quantities  of  borrow  material  can  probably  be  removed  from  the  higher  terraces 
on  the  floodplain  and/or  the  shoreline  of  the  proposed  lake.  Bedrock  should 
not  be  exposed  in  the  borrowing  operation. 

5)  Small  collapses  of  the  lake  bottom  or  lower  valley  walls  is  a  distinct 
possibility  in  this  geologic  setting.  Large  voids  can  be  present  in  the  bed¬ 
rock  and  in  the  residual  soil.  These  openings  are  normally  masked  by  soil 
material  that  can  collapse  when  they  become  saturated.  Some  grouting  at  a 
later  day  may  be  necessity  if  these  collapses  should  occur. 

6)  Drilling  information  and/or  backhoe  test  pits  would  be  very  beneficial 
in  determining  soil  quality  and  quantity  in  the  valley  bottom  and  valley  walls, 
particularly  on  the  centerline  of  the  proposed  dam. 

7)  This  office  would  be  happy  to  help  evaluate  drilling  information  if 
requested. 

Thomas  J.  Dean,  Geologist 
Applied  Engineering  4  Urban  Geology 
Geology  &  Land  Survey 

28,  /<??€ 

orig:  Allen  Dolph 

Jefferson  County  Engineering  Co. 

Hillsboro  Bank  Building 
P.  0.  Box  578 
Hillsboro,  Mo.  63050 


APPENDIX  C 


INVESTIGATION  OF  SUBSURFACE  CONDITIONS 
KEHR'S  MILL  TRAILS  SUBDIVISION  LAKES  "A"  & 


Investigation  of  Subsurface  Conditions 

KEHRS  MILL  TRAILS  SUBDIVISION 
LAKES  * A“  I  "B" 

ST.  LOUIS  COUNTT,  MISSOURI 

At  the  request  of  Manlln  and  Llebert  Construction  Company, 
we  have  Investigated  the  subsurface  conditions  In  the  area  of  pro¬ 
posed  lakes  "A*  and  “B"  of  Kehrs  Mill  Trails  Subdivision  In  St.  Louis 
County,  Missouri.  The  locations  of  the  dams  were  selected  by  others. 

The  purpose  of  this  Investigation  was  to  determine  the 
feasibility  of  using  the  proposed  reservoir  areas  as  a  borrow  area  and 
to  outline  specific  probleais  which  eight  develop  with  the  proposed 
daws  as  a  result  of  the  existing  subsurface  conditions.  It  Is  not  the 
purpose  of  this  report  to  provide  a  detailed  design  for  the  proposed 
daas,  since  the  dam  design  and  hydrologic  studies  are  being  handled  by 
Mueller  Surveying  A  Engineering  Company. 

field  Investigation 

To  investigate  the  subsurface  conditions,  six  test  holes 
were  drilled  at  the  locations  shown  on  Figure  1.  All  test  holes  were 
advanced  using  a  four-inch-diameter,  truck-mounted  auger.  Samples  in 
the  borrow  area  were  obtained  at  maximum  vertical  Intervals  of  three 
feet  or  at  every  visible  change  In  soil  type.  In  Test  Holes  1  and  2 
split  spoon  samples  were  taken  in  accordance  with  ASTM  recommended 
procedures.  Undisturbed  three-inch-diameter  Shelby  tube  samples  were 
obtained  In  Test  Hole  1  at  relatively  shallow  depths  and  were  attempt¬ 
ed  at  greater  depths  but  due  to  the  toft  consistency  of  the  materials 
It  was  not  possible  to  recover  samples.  The  type  of  sample  was 


a  acec:  a 
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dictated  by  both  the  type  of  soil  end  location  of  the  boring.  The 
depth  of  each  test  hole  varied  depending  upon  the  boring  location  and 
Its  purpose. 

In  the  area  of  Lake  "A",  ground  water  was  encountered  In  all 
of  the  test  holes  and  It  appears  that  a  relatively  stable  ground  water 
level  Is  approximately  eight  feet  beneath  the  ground  surface.  In  the 


area  of  Lake  *8*.  no  significant  quantity  of  wat« 


encountered 


during  the  test  drilling,  although  traces  of  water  were  noted  at  a 
depth  of  approximately  25  feet  In  Test  Hole  5. 


General  Conclusions  end  Recommendations 


Reservoir  Areas 

The  results  of  these  test  holes  Indicate  that  for  both  Lakes 
“A”  and  *B*  It  will  be  feasible  and  econeelcal  to  use  the  proposed 
reservoir  areas  as  borrow  areas.  In  Lake  *A*  the  material  from  the 
ground  surface  to  a  depth  of  10  to  iSt  feet  Is  a  low  to  medium  plas¬ 
ticity  silty  clay  anc  will  be  Ideal  for  the  construction  of  the 
embankment.  At  the  time  of  our  test  drilling  the  moisture  content 
was  such  that  the  material  could  be  satisfactorily  compected  with  a 
minimum  of  effort.  It  Is  recommended  that  all  material  placed  In  the 
embankmert  be  compacted  to  e  minimum  density  of  90  percent  of  the 
Standard  Density  (AST*  0  898-70),  and  that  the  material  be  compacted 
with  a  moisture  content  as  high  as  possible.  This  office  has  not 
made  an  Investigation  of  quantities  of  material  required  to  construct 
the  dams;  however,  based  on  our  subsurface  Investlgetlon  It  appears 
that  sufficient  quantities  of  material  In  both  reservoirs  *A"  and  'B* 
Is  available.  It  will  net  be  possible  to  excavate  to  a  depth  greater 
than  six  or  seven  feet  In  Lake  "A*  due  to  the  relatively  high  ground 
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water.  The  subsurface  Investigation  Indicates  the  potential  problems 
associated  with  the  design  and  construction  of  these  dams  are  unique, 
and,  consequently,  each  dam  site  Is  discussed  Individually. 

Late  “A* 

Four  test  holes  were  drilled  for  this  site.  Test  Holes  1 
and  2  are  In  the  approximate  location  of  the  embankment  while  Test 
Holes  3  and  4  are  In  the  reservoir  area.  Test  Holes  3  and  4  Indicate 
that  the  material  In  the  reservoir  Is  satisfactory  for  construction  of 
the  proposed  embankment.  He  anticipate  no  problems  associated  with 
this  material,  either  during  or  following  the  construction.  The 
material  will  not  be  subject  to  volume  change  and  associated  changes 
In  shear  strength  upon  saturation.  Assuming  that  the  slopes  of  the 
embankment  have  been  properly  designed  and  the  soil  compacted,  we 
would  not  anticipate  any  sloughing  or  failure  of  the  slopes. 

Test  Holes  1  and  2  were  drilled  approximately  along  the 
centerline  of  the  proposed  embankment.  In  Test  Hole  1  the  material 
from  the  ground  surface  to  a  depth  of  15'  consists  of  a  relatively 
low  plasticity  silty  clay.  A  gravelly,  rocky  seam  was  detected  at  a 
depth  of  approximately  12  feet.  At  a  depth  of  approximately  IS  feet 
the  material  changed  from  a  low  plasticity  clay  to  a  reddish-brown , 
very  high  plasticity  clay  which  contained  abundant  rock  fragments. 
Auger  refusal  on  rock  or  boulders  was  encountered  In  Test  Hole  1  at  a 
depth  of  37  feet  and  the  auger  was  advanced  12  Inches  Into  this 
material  with  the  use  of  a  claw  tooth  bit.  The  test  hole  was  termin¬ 
ated  at  38  feet.  Ground  water  was  encountered  at  approximately  12 
feet  below  the  existing  ground  surface  which  Is  consistent  with  the 
ground  water  level  In  the  borrow  areas. 

iwwmm  x-  ©  .  ~  »  r  c  A  Aet..T  A*."  i  — ^ 
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Test  Holt  2  which  It  located  near  the  center  of  the  valley 
was  drilled  to  a  depth  of  45  feet  at  which  depth  It  was  arbitrarily 
terminated.  Bedrock  was  not  encountered  throughout  this  depth  al¬ 
though  from  13  feet  to  45  feet  several  thin  layers  of  boulders  or  rock 
ledges  exist  which  were  underlain  by  extremely  soft  silts  and  clays. 
The  boulders  or  ledges  and  the  soft  nature  of  the  material  precluded 
obtaining  Shelby  tube  samples.  During  the  drilling  several  zones  were 
encountered  which  were  so  soft  the  augers  settled  under  their  own 
weight.  It  was  not  possible  during  the  drilling  to  differentiate 
whether  large  gravel  or  boulders  or  ledges  were  present.  As  In  Test 
Hole  1,  a  gravelly  seam  was  detected  at  approximately  12  feet  beneath 
the  surface. 

Based  upon  the  Information  from  these  test  holes  we  feel 
the  problems  associated  with  the  design  of  this  embankment  are: 

1.  Unusually  large  total  settlement  In  the  vicinity  of  Test 
Hole  2. 

2.  Differential  movement  which  may  be  extreme  from  the  center¬ 
line  of  the  existing  valley  to  the  abutments  and  which  may 
cause  damage  to  the  discharge  pipe. 

3.  Possible  loss  of  water  and  svbseouent  lowering  of  the  lake 
level  due  to  leakage  through  the  gravel  seams. 

4.  Instability  of  the  downstream  embankment  due  to  scouring  and 
rapid  drawdown  associated  with  flood  levels  in  Caulk's  creek. 

For  design  of  the  proposed  embankment,  and  to  determine 
satisfactory  as  well  as  economical  slopes,  we  recommend  a  shear 
strength  of  400  psf  for  fill  material.  This  assumes  that  all 
material  will  be  compacted  to  90  percent  of  the  Standard  Proctor 
{ ASTM  D  698-70).  To  preclude  the  possible  loss  of  water  by  leakage 
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through  what  appears  to  be  a  permeable  gravelly  layer,  we  recommend 
the  cutoff  trench  or  key  for  this  dam  extend  to  a  depth  of  15  feet 
beneath  the  existing  ground  surface.  This  depth  1$  based  on  the  In* 
formation  obtained  In  the  two  test  holes  and  It  may  be  modified  during 
the  construction.  There  nay  be  some  seepage  beneath  the  cutoff  trench 
but  we  do  not  believe  that  It  will  be  large  enough  to  warrant  a 
sheet  pile  cutoff  wall. 

The  embankments  should  be  designed  for  both  a  steady  seepage 
condition  and  for  possible  rapid  drawdown  conditions  at  both  the  up¬ 
stream  and  downstream  faces  of  the  embankment.  Flood  levels  In  the 
adjacent  Caulk's  Creek  should  be  Investigated  and  appropriate  measures 
taken  to  protect  the  downstream  toe  against  erosion.  For  stability 
analysis  and  design  of  the  embankment  the  shear  strength  of  the 
natural  materials  should  not  exceed  300  p$f. 

lake  "B* 

It  appears  that  most  of  the  problems  associated  with  the 
satisfactory  performance  of  lake  "B"  are  hydrolpglc.  Test  Hole  5  was 
drilled  near  the  centerline  of  the  proposed  embankment.  Contrary  to 
the  conditions  encountered  In  lake  *A*  It  does  not  appear  that  any 
major  foundation  problems  are  associated  with  the  construction  of  this 
embankment.  Ground  water  was  not  encountered  In  Test  Hole  6  In  the 
proposed  borrow  area  and  only  a  slight  amount  of  seepage  was  encount¬ 
ered  at  a  depth  of  25t  feet  In  Test  Hole  5,  therefore.  It  will  not  be 
a  major  consideration  In  the  construction  of  this  reservoir.  The 
material  beneath  the  proposed  embankment  Is  relatively  high  in  shear 
strength,  with  moderate  to  high  densities,  and  consequently  we  do  not 
anticipate  that  either  large  total  or  differential  settlement  will 
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occur  beneath  the  proposed  dan.  The  cutoff  trench  should  be  extended 
to  a  minimum  depth  of  seven  feet  below  existing  (natural)  grade  to 
assure  that  leakage  does  not  occur  through  the  surflclal  soils.  For 
design  of  the  proposed  embankment  It  Is  recommended  that  a  shear 
strength  of  S00  psf  be  used  for  the  virgin  materials.  The  shear 
strength  of  the  compacted  soil  within  the  embankment  should  be 
assumed  as  400  psf. 

In  view  of  the  relatively  large  watershed  area  and  the 
steep  slopes  around  this  reservoir.  It  Is  anticipated  that  consider* 
able  erosion  and  subsequent  silting  will  take  place;  therefore,  it  Is 
recommended  that  consideration  be  given  to  slltatlon  measures  In  the 
design  of  this  reservoir.  Based  upon  our  field  Investigation  It  also 
appears  that  some  slope  stability  problems  may  occur  In  the  virgin 
materials  particularly  where  the  thin  soils  ere  overlying  limestone 
which  Is  generally  the  case  throughout  the  reservoir  area.  These 
problems  are  best  treated  Individually  If  and  when  they  occur. 
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Figures  within  the  graphical  logs  Indicate  the 
number  of  blows  required  to  drive  a  Z-Inch  O.D. 
standard  sampling  spoon  12  Inches,  using  a  140- 
pound  weight  falling  30  Inches. 

Shaded  areas  within  graphical  logs  Indicate  topsoil. 
Site  drilled  11/14-17/75. 


Brown  topsoil. 
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Brown,  low  plasticity  silt, 
with  a  trace  of  coarse  sand. 


Medium  to  dark  grey,  low 
plasticity  silt. 
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Brown  and  grey,  red,  very  high 
plasticity  ej_ay,  with  small  rock 
fragments. 


Rock  fragments  with  a  trace  of  clay. 


Gravel,  chert  with  clay  binder. 


Brown,  medium  plasticity  clay. 


Water  encountered  at  II'. 
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Figure  2 


|  Brown  silty  topsol 1 . 


light  grey,  low  plasticity 
silt. 


Brown  and  grey  mottled, 
low  plasticity  silt. 

—  .jo-.. 

Grey  silt  with  gravel . 


Grey,  low  plasticity,  soft 
silt,  with  small  rock  fragments 
and  gravel . 


Brown  clayey  gravel  with 
abundant  rock  ledges  or  boulders 
occurring  Intermittently.  Very 
soft. 


Hater  encountered 
at  12.5' 
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Srey  and  brown  topsoil. 


475 — j 


Brown,  low  plasticity,  very 
slightly  clayey  silt. 


470-1 


—a 


465—) 


Brown,  with  traces  of  grey, 
medium  plasticity,  slightly 
silty  clay  with  traces  of  small 
gravel . 


460— j 


Grey  and  brown,  medium  to  high 
plasticity  clay .  with  traces  of 
1 1monlte ,  lignite  end  small  gravel. 


455 


Brown  with  a  trace  of  grey,  medium  to 
high  plasticity  cl  ay  with  abundant 
rock  fragments. 

Large  gravel  or  boulders  with  cl  ay 
binder. 


Water  encountered  at  9.5'. 
Water  at  8'  after  24  hours. 
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TH  4 


485— f 


Brown 


tepsol 1 . 


Light  brown,  low  plasticity 
silt. 


480 


475—1 


470 — 


Greyish-brown ,  low  plasticity 
silt. 


Brown,  low  plasticity  silt  with 
a  traca  of  small  rock  fragmants . 


Reddish-brown,  high  plasticity 
clay  with  abundant  rock  fragmants. 


No  ground  water  encountered. 
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Figure  2-4 


TH  5 

r~~| Brown  topsoil . 


500—1 


495-1 


Brown  and  gray  mottled, 
low  plasticity  silty  clay. 


Dark  brown,  low  to  medium 
plasticity ^Lay.  with  small 
rock  fragments.  Rock  content 
Increasing  with  depth. 


485— | 


480—1 


475— | 


Reddish-brown,  medium  plasticity 
clay,  with  abundant  rock  fragments. 


470- 

Water  encountered  at  25'. 
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Figure  2*5 
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510 


505—j 


500-H 


Grey.  Ion  plasticity  silt. 


Brown,  low  plasticity  silty 
clay. 


495—j 


Brown,  low  plasticity  silty 
clav.  with  snail  rock 
fragments. 


490 


No  groundwater  encountered. 
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Figure  2*6 
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